Lead is a heavy metal pollutant that is widely present in the environment and can seriously harm human health, especially the nervous system. Long noncoding RNAs (lncRNAs) play important roles in many physiological and pathological processes; however, there remains a lack of in-depth studies on the molecular mechanisms associated with lead neurotoxicity. Here, our results showed that lead exposure inhibited cell proliferation and promoted cell apoptosis. We observed that lncRNAL20992 was significantly upregulated in a lead-induced neuronal-injury cell model according to quantitative reverse transcription polymerase chain reaction. Silencing lncRNAL20992 revealed its significant functions involved in promoting cell apoptosis and inhibiting cell proliferation according to cell-counting kit-8, EdU assay, terminal deoxynucleotidyl transferase dUTP nick-end labeling, and western blot. To elucidate the molecular mechanisms of lncRNAL20992, we used RNA pulldown mass spectrometry combined with bioinformatics analysis to discover 4 proteins (AIFM1, HSP7C, GRP78, and LMNA) that interacted with lncRNAL20992. Western blot analysis indicated that lncRNAL20992 involved in lead-induced neuronal injury was mediated by the 4 proteins. Our study constitutes the first investigation of the functions and related mechanisms of lncRNAL20992 and offered valuable insight into understanding the roles of lncRNA in lead-induced neurotoxicity.
synaptic plasticity, and the progress of neurodegenerative diseases (Knauss and Sun, 2013; Wu et al., 2013) . LncRNAs also play important roles in regulating neuronal synaptic plasticity, which represents the cytological basis of learning and memory (Earls et al., 2014; Maag et al., 2015) . Furthermore, lncRNAs participate in a series of biological processes, including differentiation of neural stem cells derived from the mouse ventral forebrain, formation of GABA-ergic neurons and oligodendrocytes, progressive maturation of oligodendrocytes, and myelin terminal differentiation (Mercer et al., 2010) . The expression of lncRNA BC200 is elevated in certain brain regions, especially the hippocampus, in patients with Alzheimer's disease, with disease progression correlating with abnormal BC200 expression and subcellular localization (Mus et al., 2007) . Previous studies reported roles for lncRNAs in neurophysiology and pathology; however, further studies are necessary to reveal the effects of lncRNAs on lead-induced neuronal injury.
In this study, we investigated the functions and molecular mechanisms of lncRNAs in lead-induced neuronal injury. lncRNAL20992 was significantly upregulated in a lead-induced neuron injury cellular model. Silencing lncRNAL20992 expression combined with lead exposure revealed significant functions involving the promotion of apoptosis and inhibition of cell proliferation. Furthermore, RNA pulldown assay accompanied by mass spectrometry (MS) and bioinformatics analyses allowed the identification of 4 proteins, AIFM1, GRP78, HSP7C, and LMNA, possibly associated with lncRNAL20992-related functions in lead neurotoxicity. Our study provided novel insight into lncRNA-related mechanisms of lead neurotoxicity.
MATERIALS AND METHODS
Establishment of a lead-induced neuronal-injury cell model. PC12 cells (subcultured from The Fourth Military Medical University) from rat's adrenal pheochromocytoma, which were commonly used in neurobiology research. PC12 cells were used in this study and were routinely cultured in 1640 medium (Hyclone, Logan, Australia) containing 10% fetal bovine serum (Every Green, Zhejiang, China) at 37 C and 5% CO 2 under saturated humidity.
PC12 cells were exposed to lead acetate (also known as PbAc) dissolved in phosphate-buffered saline (PBS) at different concentrations (0, 0.05, 0.1, 0.5, 1, 5, or 10 lmol/l) for different time periods (24, 48, or 72 h) to establish the lead-induced neuronalinjury cell model.
Detection of cell viability by cell-counting kit-8 assay.
A cell-counting kit-8 (CCK-8) assay (Dojindo, Kumamoto, Japan) was used to analyze cell viability. PC12 cells were collected during the logarithmic phase and seeded into 96-well plates (9000 cells/well) for overnight culture at 37 C and 5% CO 2 . The culture media was changed daily, and lead acetate at different concentrations (0, 0.05, 0.1, 0.5, 1, 5, or 10 lmol/l) was added, followed by culturing for 24, 48, or 72 h. CCK-8 solution (10 ll) and 1640 medium (100 ll) were added to each well, incubated for between 1 and 4 h, and the absorbance at 450 nm was measured using an automatic microplate reader (BioTex, Houston, Texas).
Detection of apoptosis-related proteins by Western blot. Total proteins from PC12 cells exposed to different concentrations of lead acetate were extracted following addition of an appropriate amount of protein lysis buffer (Beyotime, Shanghai, China) to each plate. Cells were placed on ice to allow thorough lysing prior to centrifugation at 15 000 Â g and 4 C. The supernatant was collected and transferred into new centrifuge tubes.
After quantification using the BCA method, a 25% volume of 5Â loading buffer was added to the protein samples. Proteins were denatured at 100 C for 5 min and then stored at À80 C.
Proteins were separated by 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis with a 5% stacking gel, followed by transfer to polyvinylidene fluoride membranes using a 280-mA constant current for 60 min. Blocking buffer was added for incubation at room temperature for 1 h, followed by the addition of primary antibodies and incubation overnight at 4 C.
Membranes were then washed 3 times with Tris-buffered saline with Tween-20 (TBST) and incubated with fluorescence-labeled secondary antibodies at room temperature for 1 h. After washing 3 times with TBST, an Odyssey 2-color infrared laser-imaging system (LI-COR, Lincoln, Nebraska) was used to scan and collect images. Data analysis was conducted using Odyssey version 3.0 software (LI-COR). The primary antibodies included anti-Bax (Abcam, Cambridge, UK) and anti-Bcl-2 (Abcam), and the secondary antibody was IRDye 800CW Secondary Antibodies (LI-COR).
RNA extraction and quantitative real-time PCR. Total RNAs were extracted using a TRIzol kit (Ambion; Invitrogen, Carlsbad, California). The quality and concentration of the extracted RNAs were measured using a NanoDrop1000 spectrophotometer (NanoDrop Technologies, Wilmington, Delaware). The RNAs were reverse transcribed to cDNAs using a GoScript reverse transcription system kit (Promega, Madison, Wisconsin). Real-time PCR was performed using SYBR Green, with the reaction system prepared according manufacturer instructions associated with the GoTaq qPCR master mix kit (Promega). GAPDH was used as an internal reference. Primer sequences for the internal-reference gene and the target gene are shown in Supplementary Table 1 . The 2 ÀDDCt method was used to calculate the relative expression levels of target genes.
RNA FISH. PC12 cells were cultured on the coverslips of 24-well plates. Upon growing to 70% confluency, cells were fixed with 4% paraformaldehyde at room temperature for 20 min, 0.1% diethyl pyrocarbonate water was used to wash the coverslips, and 20 lg/ml of protease K solution (Sangon, Shanghai, China) was used to treat the cells at 37 C for 5 min. After washing with PBS, cells were fixed with 1% paraformaldehyde for 10 min and washed twice with PBS. Cells were dehydrated using a gradient consisting of 70%, 85%, and 100% alcohol, and appropriate amount of lncRNAL20992 probes (BersinBio, Guangzhou, China) were added to each coverslip, which was sealed with Fixogum rubber cement (Zytovision GmbH, Bremerhaven, Germany). Probes are listed in Supplementary Table 2 . After denaturing at 73 C for 3 min and hybridization overnight at 42 C, coverslips were washed twice with wash solution 1 (50% formamide/2 Â SSC) preheated at 43 C and washed twice with wash solution 2 (0.1%NP-40/2 Â SSC). Cells were counterstained with 4 0 , 6-diamidino-2-phenylindole (DAPI) solution for 10 min and washed with PBS. The coverslips were removed from the plates and mounted with antifluorescent decaying gel. Confocal microscopy (Leica, Mannheim, Germany) was used to observe and take pictures.
RNA interference and cell transfection. RNA interference (RNAi) was used to silence lncRNAL20992 expression. The sequences of 3 small interfering RNAs (siRNAs) are shown in Supplementary  Table 3 . On the day prior to transfection, PC12 cells grown to the logarithmic phase were seeded into 6-well plates (2 Â 10 siRNA was diluted with RiboFECT CP buffer, and transfection reagent (TR) (RiboFECTTM CP transfection kit; RIBOBIO, Guangzhou, China) was added to the plates and mixed evenly, followed by incubation at room temperature for 10 min. Cells which transfected in this research were incubated for 48 h after transfection and then collected.
EdU assay. PC12 cells grown to the logarithmic phase were seeded into 24-well plates at 6 Â 10 4 cells/well and cultured for 24 h.
RiboFECT CP buffer (RIBOBIO) was then used to dilute lncRNAL20992-siRNA, followed by incubation at room temperature for 5 min. RiboFECT CP reagent was then added to the diluted lncRNAL20992-siRNA solution and gently mixed, followed by incubation for 10 min to form the siRNA-riboFECT CP reagent compound. This mixture was added to the culture medium and mixed evenly for a final concentration of lncRNAL20992-siRNA at 50 nM. After a 6-h culture, the medium was replaced with serum supplemented with complete medium containing 5 lmol/l lead acetate, and cells were cultured at 37 C for 48 h. The EdU assay was performed according to manufacturer instructions (CellLight EdU Apollo 567 in vitro imaging kit; RIBOBIO). An inverted fluorescence microscope (Leica) was used to observe and take pictures of 3 randomly selected 200Â visual fields for each group. Image-Pro Plus version 6.0 software (Media Cybernetics, Rockville, Maryland) was used to analyze the number of total cells and proliferating cells, then calculate cell-proliferation rate.
TUNEL assay. The TUNEL assay was performed using an in situ cell death detection kit, POD (Roche, Indianapolis, Indiana, USA). PC12 cells were seeded onto the coverslips of 24-well plates and cultured for 12 h, followed by treatment with siRNAs and 5 lmol/ l lead acetate for 48 h prior to fixing with 4% paraformaldehyde for 30 min. After washing with PBS, cells were permeabilized with 0.2% TritonX-100 at room temperature for 10 min and washed twice with PBS. Fresh TUNEL reaction mixture (enzyme: label solution ratio ¼ 1: 9) was added and incubated at 37 C for 1 h. After 3 washes with PBS, converter-POD solution was added and cells were incubated at 37 C for 30 min, followed by washing with PBS 3 times. Freshly prepared diaminobenzidine solution (BOSTER, Wuhan, China) was added for staining at room temperature, followed by the addition of hematoxylin for counterstaining for several seconds. Coverslips were removed, dried, and mounted with neutral gum. Five 400Â visual fields for each coverslip were randomly selected for observation by optical microscope (Nikon, Tokyo, Japan), and the apoptotic index was calculated.
RNA pulldown assay and MS. An RNA pulldown kit (BersinBio) was used for the RNA pulldown assays. We designed RNA pulldown probe and negative control (NC) probe (Lacz) of lncRNAL20992 (Supplementary Table 4 ). Assays were performed according to manufacturer instructions. Briefly, these steps included formation of RNA secondary structure, preparation of probe beads, extraction of total cellular proteins from PC12 cells, removal of nucleic acids from protein samples and prewashing, collection of RNA-binding proteins, and analysis and identification of the binding proteins. For RNA pulldown, the probe-bead complex was mixed with cell extracts, and 5 ll RNase inhibitor, 5 ll ethylenediaminetetraacetic acid, 2.5 ll ethylene glycol-bis (b-aminoethyl ether)-N, N, N 0 , N 0 -tetraacetic acid, and 5 ll poly (dI.dC) were added and mixed with gentle shaking for 1 h at 25 C. The tube was placed on a magnetic stand for 1 min to collect the beads, and the supernatant was removed and discarded. The following reagents, including 1 ml ice-cold NT2 buffer, 5 lL phenylmethane sulfonyl fluoride, 5 ll proteaseinhibitor cocktail, 2.5 ll dithiothreitol, and 1 ll RNase inhibitor were added to the tube, mixed, and incubated at 4 C for 5 min.
The tube was placed on a magnetic stand for 1 min to collect the beads, and then the beads were rinsed 4 times. Proteins from RNA pulldown assay were detected by MS. The main steps are as follows: Proteins were digested by trypsin, then vacuum dried at low temperature; after the peptide dissolved, vortex mixed fully, then centrifuged at 13 200 rpm, 4 C for 10 min and the supernate was transferred to a new tube; The samples were firstly separated by liquid chromatography, the separated peptide was detected by Q-Exactive MS (Thermo Fisher Scientific, Hudson, New Hampshire). Original files of MS were converted to MGF format files by MM File Conversion software, then the uniprot Homo sapiens database was retrieved by MASCOT.
Statistical analysis. All experiments were performed in triplicate. SPSS version 17.0 (SPSS, Inc., Chicago, Illinois) was used for data processing and analysis. Continuous data were expressed as the mean 6 SEM, and a t test was used for continuous data compared with control group, 1-way ANOVA was used for comparison of single factor variables among multiple groups. p < .05 was defined as statistically significant difference. p < .01 represents a highly statistically significant difference.
RESULTS

Lead Acetate Exposure Leads to Decreased Neuronal Viability and Increased Cell Apoptosis
To study the effect of lead acetate exposure on proliferation of PC12 cells, based on cellular level, we used a CCK-8 assay to detect cell viability. We found that after treatment with lead acetate at different doses (0, 0.05, 0.1, 0.5, 1, 5, and 10 lmol/l) and for different time periods (24, 48, and 72 h), the viability of PC12 cells decreased gradually in a time-and dose-dependent manner, particularly at doses of 5 and 10 lmol/l and with significant decreases in viability observed at all 3 time points. After a 48-h exposure at 5 and 10 lmol/l of lead acetate, cell viability decreased to 55% and 49%, respectively, as compared with levels observed in the PBS solvent control group ( Figure 1A ). Bcl-2 and Bax are anti-apoptotic and proapoptotic proteins and are important markers of cell apoptosis. The ratio of Bcl-2/Bax determines cell apoptosis or survival (Rossé et al., 1998) . The relative expression ratio of Bcl-2/Bax was negatively correlated with the degree of apoptosis. The expression of the Bcl-2 protein and the Bax protein were detected by western blot. Cell viability of PC12 cells decreased significantly after exposure to PbAc at concentration of 5 and 10 lmol/l for 48 h. Western blot was performed to detect the Bcl-2 and Bax proteins expression in PC12 cells exposed to PbAc. The result suggested that expression of Bcl-2 decreased to 74% and 64%, while expression of Bax increased 1.37-and 1.95-fold compared with PBS reagent control group at concentration of 5 and 10 lmol/l, respectively (Figs. 1C and 1D ). Relative expression ratio of Bcl-2/Bax decreased following by the increase of the concentration of PbAc. The ratio of Bcl-2/Bax decreased to 55% and 34% with PbAc exposure at concentration of 5 and 10 lmol/l, respectively, compared with PBS reagent control group ( Figure 1E ). These results indicated that exposure to lead acetate inhibited cell viability and promoted cell apoptosis.
lncRNAL20992 Inhibits Proliferation During the Process of Lead -Induced Nerve Injury
In a previous study, we determined lncRNA-expression profiles in PC12 cells exposed to lead acetate by microarray analysis.
lncRNAL20992 is one of the significant differential expression genes in gene microarray. We detected the relative expression of lncRNAL20992. After a 48-h exposure to 5 or 10 lmol/l lead acetate, we observed that lncRNAL20992 expression in PC12 cells increased 1.61-and 2.2-fold relative to levels observed in PBS control group using qRT-PCR (Figure 2A ). We used a FISH assay to detect lncRNAL20992 localization in PC12 cells, revealing that it was primarily expressed in the cytoplasm ( Figure 2B ). We designed 3 different siRNAs of lncRNAL20992 and a nonsense sequences as NC (Supplementary Table 3 ). After transfecting, we found 3 siRNAs were all efficient and efficiencies of siRNA1and siRNA2 were more significant than siRNA3 ( Figure  2C ). We then investigated the effect of lncRNAL20992 on cell viability and proliferation. CCK-8 results showed that cell viability decreased significantly after PbAc exposure compared with that in NC group. After silencing lncRNAL20992 with siRNA1 and siRNA2, cell viability significantly increased compared with that in NC group. Cell viability in siRNA combined with PbAc exposure group decreased compared with siRNA group, while increased compared with PbAc exposure group, indicating a role for lncRNAL20992 of inhibiting cell viability in lead-induced nerve injury ( Figure 2D ). Additionally, EdU experiments with same groups as CCK-8 assay performed to assess cell proliferation revealed increasing proliferative trends following lncRNAL20992 silencing (Figs. 2E and 2F), indicating a role for lncRNAL20992 in inhibiting cell proliferation.
lncRNAL20992 Promotes Cell Apoptosis in Lead-Induced Nerve Injury
Expression of Bcl-2 protein and Bax protein as well as relative expression ratio of Bcl-2/Bax could reveal the cell apoptosis in protein level. We detected the expression of Bcl-2 and Bax proteins using western blot after silencing lncRNAL20992 with 2 different siRNAs ( Figure 3A ). Western blot analysis showed that Bcl-2 protein expression in the lncRNAL20992-silenced group significantly increased relative to levels in the NC control group ( Figure 3B ), whereas Bax expression in the lncRNAL20992-silenced group decreased relative to levels in the NC control group ( Figure 3C ), resulting in an increase in the Bcl-2/Bax ratio compared with NC control group ( Figure 3D ). Differential expression was not found between nonsense sequences group and TR control group. Detection of apoptosis-related Bcl-2 and Bax proteins proved lncRNAL20992 played roles in promoting apoptosis. Additionally, we detected cell apoptosis in the process of lead-induced nerve injury with TUNEL assay after silencing lncRNAL20992 combined with PbAc exposure ( Figure 3E ). Analysis of TUNEL assay showed apoptotic index significantly decreased in lncRNAL20992-silenced group and lncRNAL20992 silencing combined with PbAc exposure group compared with NC group and nonsense sequences transfection combined with PbAc exposure group, respectively; while apoptotic index increased in lncRNAL20992 silencing combined with PbAc exposure group compared with lncRNAL20992-silenced group ( Figure 3F ). These results implicate lncRNAL20992 in promoting apoptosis during the process of lead-induced nerve injury.
lncRNAL20992 Participates in Lead-Induced Nerve Injury by Regulating Levels of Proliferation-and Apoptosis-Associated Proteins We investigated potential targets of lncRNAL20992 by RNA pulldown assay combined with MS (Supplementary Table 5 ).
We deigned specific RNA pulldown probes for lncRNAL20992 (positive control of total proteins group) while no protein band in NC (Lacz probe) group suggested a qualified mass control of the RNA pulldown assay ( Figure 4A ). Bioinformatics analysis of proteins got from RNA pulldown assay is necessary to screen Table 5 ). After synthesis analysis of score, matches and the exponentially modified protein abundance index (emPAI), AIFM1, GRP78, HSP7C, and LMNA were noted with high score, matches and emPAI values (Supplementary Table 6 ). AIFM1, GRP78, HSP7C, and LMNA are 4 key proteins of the pathways. We analyzed the proteins from RNA pulldown assay with Protein Class and found the result mainly concentrate in nucleic acid binding (PC00171) and cytoskeletal protein (PC00085) ( Figure 4C ). AIFM1, GRP78, HSP7C, and LMNA are 4 key proteins in the protein family. Proteins were analyzed in 3 aspects. Gene Ontology (GO) analysis (http://www.geneontology.org) showed cellular component mainly with cell part (GO: 0044464) ( Figure 4D ), molecular function mainly with protein binding (GO: 0005515) ( Figure 4E ) and biological process mainly with metabolic process (GO: 0008152) and cellular process (GO: 0009987) ( Figure 4F ). AIFM1, GRP78, HSP7C, and LMNA have the function predicted by GO analysis. Combining the result of bioinformatics analysis with RNA pulldown mass spectrum (Supplementary Table 5 ), we picked 4 binding proteins (AIFM1, GRP78, HSP7C, and LMNA) in apoptosis-related pathways with molecular function for mechanical research. We then analyzed mass spectrum of specific fragment from the 4 apoptosis-related proteins and determined the reliability of the 4 proteins found by the RNA pulldown (Figs. 5A-D) . Bioinformatics analysis revealed although only GRP78 and HSP7C of the 4 binding proteins had functional domain which bound to RNA, there existed protein interaction network between IFM1, GRP78, HSP7C, and LMNA ( Figure 5E ). We analyzed the direct interaction between lncRNAL20992 and GRP78/HSP7C on catRAPID website, the result showed interaction propensity is 22, discriminative power is 60% between GRP78 and lncRNAL20992, while between HSP7C and lncRNAL20992 interaction propensity is 31 and discriminative power is 76%. That indicated the direct capacity of lncRNAL20992 to bind to GRP78 or HSP7C (Figs. 5F and 5G). We performed western blot to investigate the molecular mechanism of 4 apoptosis-related proteins in lead-induced nerve injury and analyzed the result of western blot. Expression of 4 proteins all increased in PbAc exposure (5 lmol/l, 48 h) group compared with NC control group. That suggested the 4 proteins played significant roles of promoting apoptosis in lead-induced neuronal apoptosis process. Expression of 4 proteins all decreased in lncRNAL20992 silencing group compared with NC control group, revealed lncRNAL20992 could increase the expression of 4 apoptotic proteins. Expression of 4 proteins all increased in lncRNAL20992 silencing combined with PbAc exposure group compared with lncRNAL20992 silencing group. Expression of 4 proteins all decreased in lncRNAL20992 silencing combined with PbAc exposure group compared with PbAc exposure group (Figs. 5H and 5I). These results suggested that role of lncRNAL20992 in promoting lead-induced neuronal apoptosis might be associated with AIFM1, GRP78, HSP7C, and LMNA proteins.
DISCUSSION
Lead is a strongly toxic neurotropic metal capable of causing oxidative stress, inflammation, and mitochondrial dysfunction (Sanders et al., 2009; Velaga et al., 2014; Zhang et al., 2013) , particularly significant in children (Kim and Williams, 2017) . Studies showed that auditory temporal-processing deficit is associated with lead exposure to developing brain, and lead may interfere with auditory neuronal-cell energy metabolism and effective energy production, thereby destroying synaptic activity (Prins et al., 2010 ). An acute lead exposure experiment in rats revealed that symptoms of lead neurotoxicity mainly showed as cell apoptosis, and apoptotic status of hippocampal neurons were determined by the Bcl-2/Bax ratio (Sharifi et al., 2002) . After lead exposure, the number of dead hippocampal cells increased with morphological changes, with increases in expression of Bax as well as the Bcl-2/Bax ratio which is critical for neuronal AIFM1, GRP78, HSP7C and LMNA. F and G, GRP7 and HSP7C directly bind to lncRNAL20992. Interaction propensity and discriminative power in the charts represented the possibility and capacity of interaction, respectively. H, Western blot detected the expression of above 4 proteins after silencing lncRNAL20992 alone or in combination with PbAc exposure. I, Statistical analysis of Western blot. An unpaired t test was used for the statistical analyses in F (n ¼ 3); **p < .01; *p < .05, compared with NC group (nonsense sequences control group). ## p < .01, compared with siRNA1 group or with siRNA2 group. apoptosis (Sharifi et al., 2010) . Expression of Bcl-2 and Bax proteins as well as relative expression of Bcl-2/Bax ratio could reveal the cell apoptosis in protein level. In this study, we used different concentrations of lead acetate exposure for different time periods to detect the effect of lead on PC12 proliferation results revealed significant time-and concentration-dependent decreases in cell proliferation. Western blot results confirming alterations in the expression of the apoptotic-related proteins Bax and Bcl-2.
Numerous studies support the importance of lncRNAs in regulating cell differentiation, individual development, and numerous physiological or pathological processes, as well as diseases, such as cancer and neurological disorders (Briggs et al., 2015; Hung and Chang, 2010) . LncRNAs are not only involved in brain development and function, but also in the development of neurodegenerative diseases and brain tumors (Roberts et al., 2014) . Mutation of calcium/calmodulin-dependent serine protein kinase (CASK)-regulatory gene, a lncRNA, could results in reduced movement and climbing disorders in Drosophila. These disorders are associated with significant decreases in CASK expression and can be subsequently alleviated by CASK overexpression (Li et al., 2012) . LncRNAs were found participate in abnormal development of brain, for example, genetic defects in sex determining region Y)-box 2 result in microphtalmia syndrome 3 (Kelberman et al., 2006) . The lncRNA H19 is highly expressed during embryonic development, but decreases significantly after birth; however, in medulloblastoma, double-allele expression of H19 is detected in medulloblastoma (Albrecht et al., 1996) , and loss of H19 imprinting is evident in meningiomas (Muller et al., 2000) , and H19 expression is increased and decreased in CD133þ and CD133À glioblastoma cell lines, respectively (Beier et al., 2007) . Additionally, there are numerous studies on function of lncRNA in environmental toxicology. Our previous studies revealed that lncRNA LINC00341 could regulate PM 2.5 -induced changes in cell cycle (Xu et al., 2017) , and LncRNA-DQ786227 played important role in chemical carcinogens-induced malignant transformation of cells (Gao et al., 2013) . Here, we found that lncRNAL20992 expression increased along with increased lead exposure, and that lncRNAL20992 silencing significantly inhibited apoptosis. Additionally, by silencing lncRNAL20992 alone or in combination with lead exposure, we observed a significant effect on the promotion of apoptosis and inhibition of cell proliferation.
To explore the functions of lncRNAL20992, RNA pulldown assay combined with MS analysis was performed to identify interaction targets of lncRNAL20992. Pathway and GO analysis of the identified targets revealed their involvement in apoptosis and a variety of signaling pathways related to multiple functions associated with the GO terms molecular function, biological process, and cellular component. Bioinformatics analysis identified 4 proteins, AIFM1, HSP7C, GRP78, and LMNA, for further study. After silencing lncRNAL20992 alone or in combination with lead exposure, Western blot analysis revealed that after silencing lncRNAL20992 alone or in combination with lead exposure, the function on lncRNAL20992 enhancement of leadinduced neuronal apoptosis and inhibition of neuron proliferation of lncRNAL20992 may associated with AIFM1, HSP7C, GRP78, and LMNA proteins.
Our results demonstrated that in the process of leadinduced nerve injury, the expression of was significantly upregulated, with its interaction targets expression decreasing. Furthermore, increased apoptosis of nerve cells and significantly decreased cell proliferation revealed specific role of lncRNAL20992 in the context of lead exposure. Our study preliminarily elucidated the function and molecular mechanism of lncRNAL20992 during lead-induced nerve injury and also provided insight into mechanisms related to lead-induced nerve injury.
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